Brachyury is required for the normal extension of the anteroposterior axis during mouse embryogenesis. A transgene comprising sequences from -500 to +150 relative to the start of Brachyury transcription, and the reporter gene lacZ, recapitulates some, but not all elements of Brachyury expression. p-Galactosidase expression is seen in the primitive streak from 6.5 d.p.c. but there is no detectable reporter expression in the node or notochord. Thus, the regulatory sequences required for the expression of Brachyury in the cells traversing the primitive streak are distinct from those required for the initiation of expression in the node. This suggests that different or additional signals are involved in activation of Brachyury in the node and notochord than those inducing Brachyury in the primitive streak. Additionally, the data suggest the possibility that axial and non-axial mesoderm are distinct from the earliest stages of Brachyury expression.
Introduction
Gastrulation in the vertebrate embryo is a complex series of events during which the three germ layers become evident and the anteroposterior axis of the embryo is specified. In classical experiments with amphibian embryos, the existence of multiple intercellular signaling events which direct this process has been demonstrated (see Slack, 1991, for review) . Whilst the site of origin and action of successive signals has been elucidated by experiments performed over the last 60 years, involving recombination of tissues from different regions of the embryo, the precise nature of the signaling molecules involved is only now becoming clear (Woodland, 1993) . The rodent embryo is much less amenable to manipulations of this type and so, while comparable signaling events are assumed to exist by analogy with the situation in amphibia, the origin and nature of the signals remains obscure.
The post-implantation murine egg cylinder initially consists of two layers, the outer of which, the visceral endoderm, appears not to contribute to the tissues of the embryo proper (Lawson et aI., 1991) . Descendants of cells in the inner layer, the embryonic ectoderm or epiblast, have been shown to contribute essentially all the cells of the embryo (Gardner and Papaioannou, 1975; Gardner and Rossant, 1979; Gardner et aI., 1985; Beddington et aI., 1989) . Prior to gastrulation, the egg cylinder has an obvious proximodistal axis with reference to the site of implantation to maternal tissues, but appears radially symmetrical perpendicular to this axis. The first sign of gastrulation is the appearance at 6.5 days post coitum (d.p.c.) of a structure known as the primitive streak. The formation of the streak, on one side of the egg cylinder about half way along its proximodistal axis, breaks the radial symmetry and is the first indication of the position and orientation of the anteroposterior axis of the embryo. The axis runs from the streak at the posterior end, around the distal tip of the egg cylinder, to a point approximately opposite the site of streak formation, where the anterior end is positioned. The mechanisms which act to position the site of the streak, and hence specify the anteroposterior axis, remain unclear, though they may act earlier, at the time of implantation (Smith, 1985) .
The primitive streak is a region of the egg cylinder in which cells leave the ectoderm layer, moving into the space between it and the visceral endoderm. The cells, now referred to as mesoderm cells, subsequently move away from the streak over the basal surface of the epiblast, a process which involves active migration (Nakatsuji et aI., 1986) . These cells contribute to extraembryonic, lateral plate and paraxial mesoderm. During the following 6-8 h, the streak itself extends distally and a structure known as the archenteron or node forms at its distal extremity. The node becomes the site at which cells of the inner embryonic ectoderm move directly into the outer visceral endoderm to form the head process, the precursor of the anterior notochord (Jurand, 1974) . Cells leaving the embryonic ectoderm at the node also contribute to the embryonic endoderm (Poelmann, 1981; Lawson et aI., 1986; Kadokawa et aI., 1987) . Subsequently, during extension of the anteroposterior axis, the node is found at a progressively more posterior position in the embryo, the notochord being produced anterior and the streak-derived mesoderm posterior to the node. The head process and notochord are also referred to as mesoderm, but whereas the primitive streak-derived mesoderm forms structures either side of the midline, such as somites and lateral plate mesoderm, the mesoderm cells leaving the embryonic ectoderm at the node form the centrally located notochord which is thus referred to as axial mesoderm. Exactly when cells of the embryonic ectoderm become committed to form either of the two types of mesoderm remains unclear.
The Brachyury gene is required for the normal formation of mesoderm and the anteroposterior axis (Herrmann et aI., 1990) . In mice homozygous for a deletion of the Brachyury locus, referred to as the T mutation, all mesodermal derivatives are affected. The embryos produce insufficient streak-derived mesoderm and the production of notochord is disrupted before the anteroposterior axis is completed. Somite formation ceases prematurely and the embryos die during early organogenesis, most likely due to starvation caused by lack of the allantois, a primitive streak-derived mesoderm structure required for connection of the embryo to maternal tissues (Chelsey, 1935; Gluecksohn-Schoenheimer, 1938; Grueneberg, 1958; Yanagisawa et aI., 1981) . Mice heterozygous for the mutation are viable, form normal somites and other primitive streak-derived structures, but fail to complete extension of the axis, resulting in a shortened tail in the new-born animals which is not made good during post-natal growth. The heterozygous phenotype can be completely rescued by a single copy of the wild type allele incorporated into the genome as a transgene (Stott et aI., 1993) .
Expression of the Brachyury gene in mouse embryos is first detectable by in situ hybridisation in mesoderm cells of the early primitive streak at around 6.5 d.p.c. As the primitive streak extends towards the distal tip of the embryo, cells which enter it from the embryonic ectoderm express the Brachyury product transiently, neither RNA nor protein being detectable once the cells have left the streak. Brachyury expression is also detected in the node and the head process (Wilkinson et aI., 1990; Herrmann, 1991) . Both primitive streak and notochord continue to express Brachyury until axial extension is complete (Wilkinson et aI., 1990) . The Brachyury protein is primarily located in the nucleus (Kispert and Herrmann, 1994) and has been demonstrated to bind to DNA in a sequence-specific manner in vitro .
In order to investigate how the expression of the Brachyury gene is controlled in the early mouse embryo, and hence gain insight into how the anteroposterior axis is specified, we have used regions of the cloned Brachyury genomic locus to direct the expression of a reporter gene in the embryo. The expression of this trans gene is limited to a set of epiblast-derived cells which move through the primitive streak to form the extra-embryonic, lateral plate and paraxial mesoderm. Here we present data which suggests that mesodermal precursor cells of the embryonic ectoderm are fated to form either streak-derived or axial mesoderm by the time of onset of Brachyury expression in the primitive streak. The transcriptional regulatory elements which control Brachyury expression in the streak and in the node-derived axial mesoderm are separable, allowing speCUlation as to the nature of the mechanisms responsible for induction of the two types of mesoderm in the murine epiblast. Brachyury homologues have been cloned from several vertebrate species, including both the frog, Xenopus laevis and in the zebrafish, Brachydanio rerio (Smith et aI., 1991; Schulte-Merker et aI., 1992) . In both these species, the expression pattern shows strong similarities to that observed in the mouse, and expression can be induced by exposure of animal pole cells to mesoderm inducing factors (MIFs). In the case of Xenopus, this induction appears to be an immediate effect of MIF addition, suggesting that Brachyury transcription may be one of the first responses of embryonic cells to induction to form mesoderm (Smith et al., 1991) . Hence, the regulatory sequences from the Brachyury locus described here, which are sufficient for the activation of the transgene in the mouse primitive streak, are among those which respond directly to mesoderm induction.
Results
In the course of experiments to define the regulatory elements responsible for the observed Brachyury expression pattern, we produced transgenic embryos in which different genomic regions both 5' and 3' of the Brachyury gene, plus all of the transcribed sequences, were linked to a bacterial ~-galactosidase gene (lacZ) to assay their ability to direct stage-and tissue-specific expression in embryos carrying primary insertion events. The activity of these constructs was analysed in multiple independently derived transgenic embryos (at least four per construct) at between 7.5 and 9.5 days of development (Fig. 1) . A transgene containing 8.3 kb of 5' sequence was expressed in the streak-derived mesoderm, but not in the axial mesoderm. Inclusion of intron and 3' sequence did not result in axial mesoderm expression.
Step-wise deletions of this construct down to -430 relative to the start of Brachyury transcription also showed expression in streakderived mesoderm only. Further truncation, to -375, resulted in expression in only one transgenic embryo from eight, and a transgene comprising sequences -280 to +150 showed no reporter expression. Internal deletions of Tgenomic locus the -500 construct, removing -490 to -375 (DA) or -375 to -280 (DB) also abolished promoter activity in transgenic animals.
For the experiments reported here, sequences from -500 to +150 relative to the Brachyury transcriptional start site (Stott et aI., 1993) (Fig. 2) were fused to lacZ and introduced into fertilised mouse eggs to produce a stable line.
Of five live born transgenic animals, one male was selected to found the line, called TLZ2, which was used in the work reported here.
Onset of f3-galactosidase expression in TLZ2 mice
Embryos derived from crosses between TLZ2 male mice and wild-type females were stained for ~ galactosidase activity at various stages of development. For comparison, the expression of the endogenous Brachyury gene was visualised in wild-type embryos by in situ hybridisation to whole embryos using the entire cDNA as a probe (Herrmann, 1991) . The first signs of gastrulation in the mouse embryo are seen at about 6.S d.p.c .. Activity of the Brachyury gene is detectable in whole embryos both by in situ hybridisation and by ~ galactosidase staining of TLZ2 embryos from as soon as the presence of primitive streak mesoderm can be seen.
There is no difference in the pattern of staining due to transgene activity and the pattern of Brachyury gene activity as visualised by in situ hybridisation at this stage (Fig. 3) .
Over the next few hours, as the primitive streak extends towards the distal tip of the egg cylinder, cells which become incorporated into the streak express the Brachyury message. In TLZ2 embryos, the trans gene is also expressed in the cells of the extending primitive streak and, as far as we can ascertain from examination of semi-thin sections, all of the cells which enter the streak express both the Brachyury message and the transgene. In the case of transgene expression, which is more easily detected than the Brachyury message, it can be seen that cells begin to express the ~-galactosidase protein as they enter the streak (Fig. 4) .
Once the archenteron, or node, forms at the anterior end of the primitive streak as it extends to the distal tip of the egg cylinder, the close correspondence between expression of the trans gene and of the Brachyury message is lost.
From embryos processed for in situ hybridisation to examine the expression of the endogenous Brachyury gene at this stage, it is clear that cells of the node, and especially those which form the head process, express the Brachyury message. Hence, Brachyury expression is a characteristic of both axial and streak-derived mesoderm (Wilkinson et aI., 1990; Herrmann, 1991, Fig. S) . However, analysis of embryos expressing the TLZ2 transgene shows clearly that the ~-galactosidase marker is not expressed in the head process cells. This is evident when comparison of whole embryos processed by in situ hybridisation and those stained for transgene activity is made at stages following node formation. Very shortly after the formation of the head process has begun, and cells which intercalated into the endoderm layer at the node are expressing easily detectable levels of the Brachyury message, the absence of ~-galactosidase activity in node-derived head process cells of TLZ2 transgenic embryos becomes particularly apparent. In transgenic embryos in which head process formation has begun, a square-shaped gap in the pattern of ~-galactosidase activity marks the region where the non-expressing cells of the head process lie (Fig. Sb) . In contrast, the pattern seen by in situ hybridisation to Brachyury message is quite different, the head process being seen as a column of hyuridising cells extending anteriorly in the mid-line from the node (Fig. Sa) . In order to examine the pattern of expres- sion of the 1LZ2 transgene at this stage more closely, we made semi-thin sections from 1LZ2 embryos embedded in resin after processing for ~-galactosidase activity. In such preparations homogenous staining can be seen throughout the primitive streak and in the head mesoderm which has migrated to the anterior side of the egg cylinder from the streak. The initiating head process is devoid of ~-galactosidase activity and there is a sharp boundary between these non-expressing cells and those of the streak, suggesting none of the staining cells of the anterior streak is incorporated into the head process (Fig. 5b,c) . This lack of ~-galactosidase activity in cells of the head process contrasts with the allantois, cells of which clearly express lacZ.
Fate of primitive streak-derived mesoderm cells
By 24 h after the extension of the primitive streak, cells which entered the paraxial mesoderm through the primitive streak are beginning to condense and form the somites. As has been documented previously, the Brachyury message is lost rapidly from cells as they migrate away from the streak, and is undetectable in the somites and allantois (Wilkinson et aI., 1990; Herrmann, 1991) . In contrast to this, embryos of the 1LZ2 transgenic line show ~-galactosidase activity in the somites, and in the proximal portion of the allantois, suggesting that either the trans gene is not down-regulated in the same manner as the endogenous Brachyury gene or that the ~ galactosidase message or protein is more stable in these cells than is the Brachyury message (Figs. 5b and 6 ). In agreement with observations of primitive streak stage embryos, no ~-galactosidase activity was detectable in the notochord of somite stage embryos. Comparable embryos processed for in situ hybridisation to the Brachyury message reveal the notochord as a stained rod visible from the level of the cranial flexure to the regressing node (Wilkinson et aI., 1990; Herrmann, 1991) . Although careful observation of both whole mount and sectioned transgenic embryos was made, no blue staining notochord cells were revealed.
Multiple elements control Brachyury expression in the primitive streak
In order to define more precisely which regions within the sequence reported in Fig. 2 are required for expression in the streak, three internal deletions were produced and analysed for expression in transgenic embryos (Fig.  1) . Of six independently derived transgenic embryos produced with M, none expressed ~-galactosidase. In the case of LlB, one of nine transgenic embryos exhibited very low level expression in the streak. This suggests that elements necessary for initiation of Brachyury expression are present in the regions deleted in these constructs, or that an essential element spans the border of the two deletions. With the third deletion tested, expression was seen in the first cells to gastrulate through the streak, but a b later emerging cells failed to express the trans gene (Fig.  7) . This suggests that the region deleted in Lle contains an element(s) dispensable for the initial activation of Brachyury in the streak, but required for expression in the streak at later stages. This suggests that, at a minimum, there are two distinct mechanisms for activation of Brachyury in streak-derived mesoderm cells, one which acts in the first cells to move through the streak and requires sequences downstream of -430, but for which sequences from -280 to -190 are dispensable; and a second which requires both sequences from -430 to -280 and those from -280 to -190.
Discussion
In the present work, we have used the expression of a trans gene to gain information about the mechanisms underlying the determination of a set of cells within the epiblast of the mouse embryo. These cells are identical with those which first express the Brachyury message. The function of the Brachyury gene is known, from observations of the phenotype of mutants, to b~ required for normal formation of the mesoderm in the mouse embryo. However, the first cells to gastrulate through the streak are able to do so in the absence of Brachyury, suggesting the either the Brachyury product plays no role in determining the phenotype of these cells, or that only a minor alteration in phenotype occurs. The gene is expressed in all mesoderm cells (Wilkinson et aI., 1990; Herrmann, 1991) , and studies of the development of chimaeric embryos made by introducing embryonic stem cells carrying a homozygous mutation at the Brachyury locus show that while the Brachyury gene product itself is cell autonomous, a major effect is an alteration in cell-cell interactions in the non-axial mesoderm which can only be partially rescued by wild-type cells (Rashbass et aI., 1991; Wilson et aI., 1995) . Hence, expression of the Brachyury gene in the mesoderm cells is a requirement for successful mesoderm formation.
The observations described here bear on two aspects of mesoderm formation in the mouse: the time of commitment of embryonic ectoderm cells to the streak-derived mesoderm and to the axial mesoderm, and the regulation of the Brachyury gene in the different cell types involved in mesoderm formation.
Commitment oJT-lacZ-expressing cells
Experiments to assess cell fate in the mammalian embryo are complicated by the difficulty of marking cells in the embryo in utero. Most of our knowledge of the fate map of the mouse embryo comes from experiments in which single cells are labeled by injection of cellautonomous, stably inherited markers, such as dyes or the enzyme horseradish peroxidase. The progeny of the cells thus marked are identified after culture for up to 48 h. Such clonal analysis is useful in demonstrating the range of developmental fates of the progeny of single cells marked at particular positions and at particular stages of development. In this approach, cells are chosen for marking by position, with no opportunity for assessing their status with regard to gene activity. In TLZ2 embryos, cells are marked in a cell-autonomous fashion by virtue of activation of the Brachyury promoter sequences present in the trans gene. The question arises as to whether the marker, ~-galactosidase protein, is stably inherited.
After initial activation of the transgene resulting in ~ galactosidase expression in the early primitive streak, staining is observed in the streak-derived mesoderm, in particular in the somitic and lateral plate mesoderm and the allantois, in which the endogenous gene is not expressed. Possible explanations for this are that the transgene fails to be down-regulated in the same way as the endogenous gene or that the product of the transgene has a longer half-life than either Brachyury RNA or protein.
The observation that the marker is present in streakderived tissues for at least 24 h after the expression of the endogenous gene has been down-regulated, but subsequently disappears, leads us to speculate that what we are seeing represents perdurance of ~-galactosidase activity. If this is the case, then some conclusions may be drawn as to the lineages of early mesoderm cells.
A crucial aspect of our observations is that none of the cells labelled by virtue of ~-galactosidase expression from the Brachyury primitive streak promoter become incorporated into the notochord. The notochord is the second major site of Brachyury expression (Wilkinson et aI., 1990; Herrmann, 1991) and is clearly not labeled by ~ galactosidase activity in TLZ2 embryos (Figs. 4-6 ). Examination of serial sections of stained embryos have revealed no blue staining cells in the notochord, even in regions in the tail of the embryo in which some stained cells are not restricted to the paraxial mesoderm (see above). This observation, whilst not conclusive for reasons discussed above, leads us to speculate that at the time of onset of expression of the Brachyury gene in the embryonic ectoderm cells which subsequently contribute to the primitive streak, i.e. that set of cells labeled in TLZ2 embryos, the fate of the cells in their commitment to different types of mesoderm has already been restricted. An alternative explanation would be that cells which activate the trans gene in the streak do contribute to the notochord and that, in the absence of additional elements required for maintenance of Brachyury expression in the axial mesoderm, these cells rapidly inactivate the transgene and degrade ~-galactosidase protein.
Our interpretation of these results can be compared with the data obtained by Lawson et aI. (1991) from clonal analysis of the fate of single cells marked by horseradish peroxidase (HRP) injection at the pre-streak and early streak stages. If the lacZ-expressing cells of TLZ2 embryos are fated to contribute only to the non-axial mesoderm, then clonal analysis of these cells should result in labeled cells being similarly restricted to paraxial mesoderm, and not contributing to the head process after culture. In the experiments of Lawson et aI., 13 embryos were produced in which the progeny of labeled cells were restricted to the non-axial mesoderm, compared to only two in which cells were labeled in both non-axial m.:soderm and in the head process (Lawson et aI., 1991, Fig. 11) . Although this data represents a combination of results from injections into cells of pre-streak and early streak stage embryos, the result agrees well with our observations. The two embryos in which labeled cells were found in both mesoderm and head process may have resulted from injection of cells prior to the onset of Brachyury expression, or from injection of more than one cell.
Regulation o/the murine Brachyury gene
In the frog, Xenopus, the expression of a homologue of the Brachyury gene, Xbra, has been shown to be induced in animal cap cells as an immediate early response to MIFs both on recombination of animal caps with vegetal cells and after treatment with activin A or bFGF (Smith et aI., 1991) . The nature and origin of mesoderm-inducing signals in the mouse embryo remains unclear; however, their existence can be inferred from the similarity of developmental processes between different vertebrate groups. It is likely that Brachyury is a member of a group of genes which respond to mesoderm-inducing signals in the mouse embryo and act to alter gene expression in responding cells.
We have shown that a region consisting of 500 bp 5' and 150 bp 3' to the Brachyury transcriptional start is capable of conferring primitive streak expression on a trans gene, recapitulating the onset of expression of the endogenous gene in these cells. Presumably, the transcriptional control mechanisms which mediate the response to a mesoderm-inducing signal by inducing Brachyury expression in the streak act by interacting with these sequences. However, the -500 promoter is not sufficient to confer expression of the trans gene in the head process and notochord, the second site of Brachyury expression in the embryo. Transgenes comprising up to 8.3 kb of 5' sequence and 5 kb of 3' sequence also showed expression in primitive-streak derived mesoderm only. This suggests that additional cis-acting sequences are necessary for expression in these cells, presumably responding to a signal differing either qualitatively or quantitatively from that eliciting Brachyury expression in the streak. The zebrafish no tail (ntl) gene is homologous to Brachyury (Schulte-Merker et aI., 1994) . In ntl embryos, in which the notochord fails to differentiate, wildtype cells transplanted to the marginal zone of the embryos can differentiate as notochord, demonstrating the signaling system involved in notochord induction to be intact (Halpern et aI., 1993) . In addition to confirming the cell-autonomous nature of Brachyury function, this suggests that earlier expression of Brachyury in the precursors of the non-axial mesoderm is dispensable for the induction of notochord. This conclusion is supported by the nature of the phenotype of T mutant embryos, where the head process forms initially and notochord formation is only disrupted at a later stage (Chelsey, 1935) . Indeed, though the Brachyury mutant allele '[Wis (Shedlovsky et aI., 1988) is not a null mutation, in situ hybridisation experiments to '[Wis embryos support this view. '[Wis mutant embryos initiate expression of the Brachyury transcript in both primitive streak and notochord, and subsequent failure to maintain expression in the notochord correlates with failure to extend the embryonic axis (Herrmann, 1991) . These observations suggest that the signal responsible for activation of Brachyury expression in the notochord is not dependent on previous expression of Brachyury in the primitive streak.
In Xenopus, it has been demonstrated that different signals are required for induction of intermediate and ventral mesoderm than for induction of dorsal mesoderm (i.e. axial mesoderm or notochord; see Slack, 1991) . In current models of mesoderm induction in amphibia, it is proposed that a single signal, the concentration of which varies along the dorsoventral axis, may be responsible for the specification of both types of mesoderm (see Woodland, 1993, for review) . This view is supported by the differential response of isolated animal cap cells to different concentrations of activin in vitro (Green et aI., 1992) . If a similar situation exists in the mouse, it could be the case that a signal, possibly emanating from the extraembryonic portion of the conceptus, acts at the proximal region of the embryonic ectoderm to induce primitive streak mesoderm, a process which involves activation of the Brachyury primitive streak promoter, among others. Subsequently, a different signal acts on more distal cells within the embryonic ectoderm to induce axial mesoderm (and definitive endoderm), once again activating Brachyury expression but through different, or additional cis-acting elements, which are not included in the TLZ2 transgene. The nature of the two signals may be similar, differing only quantitatively, or the second signal, which acts on cells at the distal tip, may be qualitatively distinct, possibly being supplied by the more proximal cells which responded to the first signal, but independent of Brachyury expression in these cells.
Our analysis of the minimal promoter required for expression in the streak leads to the suggestion that activation of Brachyury expression in the primitive streak is not a simple process. During gastrulation, cells move from the embryonic ectoderm through the streak to contribute to the streak-derived mesoderm. An element essential for the initial onset of Brachyury expression in any of the cells which pass through the primitive streak appears to be located some 300-500 bp upstream of the start of transcription, since complete or partial deletion of this region in trans genes M and dB results in a loss of reporter activity in transgenic embryos. By contrast, an internal deletion removing -280 to -190, dC, appears to allow reporter expression to initiate in the first cells which leave the streak, but not in later emerging cells. This implies that the signal required to initiate T expression in these first mesoderm cells is different from that required for T expression in cells which subsequently traverse the primitive streak. This expression pattern suggests that activation of Brachyury expression has different requirements in different populations of streak-derived mesoderm cells. As none of the trans genes expresses solely in cells which traverse the streak at later times, a reasonable hypothesis is that while the first cells to gastrulate require a signal acting through sequences between -430 and -280 for activation of Brachyury expression, later gastrulating cells need, in addition, sequences between -280 and -190, suggesting an additional signal, qualitatively or quantitatively different from that required by the earlier cells, is required.
Our results support the view that a subset of the embryonic ectoderm cells of the pre-gastrulation mouse embryo become fated to contribute to different types of mesoderm as a very early, possibly the first, step in gastrulation. The nature and origin of the signal(s) which mediate this remain unclear. The onset of Brachyury expression, an early marker of mesoderm induction, appears to require different regulatory elements for axial and nonaxial mesoderm expression, and also for early and late expression within the primitive streak, suggesting that a system of spatially and temporally distinct signals are required for the early events in mesoderm specification.
Experimental procedures

Transgene construction
The E. coli lacZ gene from pMC1879 (Pharmacia) was excised with Sma 1 and Pst 1, the Pst 1 end blunted with Klenow and ligated into Sac I-cleaved p190 SSO.7, which was blunted with T4 polymerase, to create pTZ. p190 SSO.7 is a Sac II to Sac I subclone of the cosmid c2.190 (Herrmann et ai., 1990 ) which contains sequences from -500 to + 150 relative to the Brachyury transcriptional start. The fusion between the Brachyury and lacZ sequences was verified by sequencing. A further 7.5 kb of sequences flanking the 5' end of the Brachyury gene were subsequently inserted into the Sac II site at -500, to create pCTZ. A fragment containing 237 bp of the SV40 genome, including the polyadenylation signals from both the early and late transcription units was excised from the SV40 subclone pGemT with Hind III and Bam HI, blunted with Mung bean nuclease and inserted into the similarly blunted Sal I site at the 3' end of the insert in pCTZ, producing a new Sal I site at the 3' end of the insert. The injection fragment indicated in Fig. 1 was recovered from the resultant construct, pCTZA, by digestion with Sac II and Sal I which cleave at -500 and the 3' end of the insert, respectively. Transgenic mice were generated by procedures essentially the same as those described (Hogan et ai., 1990) .
Wholemount in situ hybridisation
Embryos were fixed in 4% paraformaldehyde overnight at 4°C and hybridised with a biotinylated antisense Brachyury probe as described previously (Herrmann, 1991) .
X-gal staining of embryos
Embryos were fixed for 1 h on ice in 4% paraformaldehyde in PBS, washed once with ~-gal buffer (0.1 M NaP j (pH 7), 2 mM MgCI 2 , 0.02% NP40, 0.01 % deoxycholate) and then incubated in ~-gal buffer plus 10 ~l 40 mg/ml X-gal in DMF, 10 ~l 0.5 M K 3 Fe(CN)6' 10 ~l 0.5 M K 4 Fe(CN)6' 2 ~l 0.5 M EGTA (pH 8) per ml at 37°C overnight. Stained embryos were washed once in PBS then photographed, or stored at 4°C in 70% EtOH.
Sectioning of embryos
Stained embryos were dehydrated through 70% and 95% ethanol, cleared in acetone and then infiltrated with Araldite by passing through 3:1, 1:1 and 1:3 mixtures of acetone/Araldite before transferring to Araldite in block formers. The blocks were hardened at 70°C for 36 h. Araldite was prepared by mixing 6 ml Araldite epoxy resin MY753 (Fisons), 5.44 ml DDSA, 200 ~l DMP-30 and 73 ~l dibutylphthalate (Bio-Rad). This mixture was stored at -20°C and warmed to 37°C before use. Blocks were sectioned at 5 ~m and 7 ~m on a Reichert-Jung 2065 Supercut rotary microtome. The sections were mounted in Araldite and photographed under bright-field, phase contrast or Nomarski optics.
